Rare disease Background:
Background
Metaplastic breast cancer (MPBC) has a poor response to conventional chemotherapy and carries an overall worse prognosis [1] . Although most MPBCs are estrogen receptor (ER), progesterone receptor (PR), and HER2-neu negative [2] [3] [4] (i.e., triple negative breast cancer [TNBC]), it is usually more aggressive than the other types of TNBC [5, 6] . Optimal treatment of MPBC remains controversial and even though MPBC is usually treated in the same way as other TNBCs; it differs in several pathological and clinical aspects [5] [6] [7] . Response to systemic chemotherapy remains less than 20% [8, 9] .
Consistent with the recently reported efficacy of anti PD-L1 in combination with chemotherapy in the treatment of TNBC [10] , we observed a remarkable response in a case of a chemo-refractory metastatic MPBC enrolled in an ongoing clinical trial of paclitaxel in combination with the anti PD-L1 durvalumab to treat TNBC patients.
Case Report
A 49-year-old premenopausal female was referred to our cancer center with diagnosis of right breast cancer based on core biopsy obtained on February 2016. Past medical history was only significant for hypothyroidism for which she was on replacement therapy. She had a workup in February 2016. Mammograpy revealed an abnormal mass in the right upper outer quadrant measuring 7.4×7×10 cm and extending into the central breast and attached to the skin with multiple ill-defined obscured masses in the lower inner quadrant. In addition, there was suspicious axillary lymph node as well as multiple masses in the left breast. Ultrasound described multiple bilateral cysts in both breasts, the largest within the left breast measuring 2.3×1.8×2.5 cm in addition to the index lesion.
Computed tomography (CT) scan of the chest, abdomen, and pelvis described right breast mass measuring 6.7×8.5×11 cm with central necrosis and this was associated with suspicious right axillary lymph node and there was no evidence of distant metastasis and the bone scan was negative. Pancreatic lesions were described. Magnetic resonance imaging (MRI) of the abdomen described multiple pancreatic cysts that were likely benign. Positron emission tomography (PET)/CT scan demonstrated uptake in the right breast lesion as well as suspicious right axillary lymph nodes but no evidence of distant metastasis. The final clinical stage was T4N1M0.
The biopsy showed tumor cells negative for estrogen and progesterone receptors as well as HER2 amplification (hence the cancer was designated TNBC) with squamous elements and histologically consistent with MPBC. Another nodule biopsy from the right breast at the 10 o'clock region showed fibroadenoma. Biopsy from the right axillary lymph node revealed no evidence of malignancy. Fine needle aspiration from the left breast cystic mass showed blood and macrophages, which is consistent with cyst content.
The patient was treated with neo-adjuvant chemotherapy in the form of 3 cycles of 5-fluorouracil, Cytoxan, and epirubicin (FEC 100) followed by 3 cycles of docetaxel completed on June 2016 with minimal clinical response. Then the patient underwent right modified radical mastectomy on July 2016. Unfortunately, she had poor pathological response to chemotherapy as there was a residual metaplastic carcinoma measuring 9.5×8×6 cm in size, squamous cell carcinoma subtype, unifocal and occupying the outer quadrant. The surgical margins were negative; however, the tumor was invading the skin with ulceration. One out of 2 sentinel lymph nodes were positive with no evidence of extra nodal extension. Axillary lymph node dissection revealed additional 8 lymph nodes negative for metastasis. Pathological stage was ypT4bypN1aMx. The patient had uneventful post-operative course and on September 2016, she completed 40.5 Gy in 15 fractions of adjuvant radiotherapy, to the right chest wall and to the right supraclavicular area.
The patient was seen in the clinic in December 2016 with a 2-month history of a progressive right chest wall nodule. In addition, she had progressive shortness of breath for 1 month with dry cough. Clinical examination revealed a firm 4×3 cm mass on lateral edge of mastectomy incision, highly suspicious for local recurrence. Biopsy was consistent with recurrence of the triple negative MPBC, squamous cell subtype. Restaging CT chest, abdomen and pelvis on December 28, 2016 showed development of metastatic enhancing lesion at subcutaneous fat of the right chest wall inferior to right axilla and a new multiple necrotic metastatic lymph node in the mediastinum and hila with multiple metastatic bilateral pulmonary lesions ( Figure 1 ). There were no other metastatic lesions in abdomen and pelvis. The bone scan was clear.
The patient received 4 cycles of capecitabine [11] . CT chest, abdomen and pelvis done on April 17, 2017 showed progressive disease with an increase in size and number of pulmonary nodules and mediastinal lymph nodes. In addition, there was a newly developed lytic lesion with soft tissue component in the right iliac bone (Figure 2A ). Bone scan confirmed pelvic bony metastasis in the right iliac bone and in the right femoral head ( Figure 3A ).
Due to lack of an effective standard therapy to manage metastatic MPBC, the patient was offered enrollment in a clinical chemo-immune therapy trial designed for TNBC patients using the anti-PD-L1 durvalumab in combination with paclitaxel. PD-L1 expression was checked by immunohistochemistry and 
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was positive in 20% of tumor cells with medium intensity while there was no tumor infiltrating lymphocytes in the examined section ( Figure 4 ). The patient was enrolled in a phase I/II institutional clinical trial testing the anti PD-L1 durvalumab in combination with paclitaxel (NCT02628132).
As per the trial protocol, the patient received 1 cycle of paclitaxel alone followed by a combination of paclitaxel and durvalumab on May 2017. Paclitaxel was given as 80 mg/m 2 weekly on days 1, 8, and 15 of every 28 days. There was subjective and objective clinical response to single agent weekly paclitaxel.
Upon clinical examination, there was a decrease in locally recurrent mass from 4×3 cm to 2×2 cm. Durvalumab was given in addition to paclitaxel starting from cycle 2 and it was given at a fixed dose of 750 mg on days 1 and 15 of every 28 days. After the 4 th cycle the patient had clinically complete response in chest wall nodules and her symptoms of cough and shortness of breath improved. Bone scan on December 17, 2017 revealed interval improvement in the overall scan appearance ( Figure 3B ).
On March 13, 2018, a CT scan indicates a complete clearance of pulmonary nodules, nodal disease, as well as chest wall lesion, Figure 2B ).
The patient had multiple CT scans from May 2018 until August 4, 2019 and all were consistent with complete response with no evidence of local disease or lung nodules. The last bone scan was in October 2018 and showed normalization of uptake in the right iliac bone (Figure 3 ).
The patient was last seen in the clinic in August 2019 which was more than 2 years since the patient received the first dose of the durvalumab-paclitaxel combination. The patient is clinically doing very well with no evidence of relapse and she is tolerating the biweekly durvalumab well. The only reported side effect was an increase in serum cholesterol and she was given a statin with favorable response. Her thyroid function remained stable.
Discussion
Metaplastic breast cancer (MPBC) is a rare and histologically diverse subtype of breast carcinoma. It accounts for less than 1% of all breast cancers. Histologically, these tumors encompass adenocarcinoma with an admixture of spindle cell, squamous, chondroid or bone-forming neoplastic cells [12] .
Most MPBCs are triple negative (i.e., TNBC) [2] [3] [4] and tend to have a worse prognosis than other TNBC [5, 6] . Optimal treatment of MPBC remains controversial and even though MPBC is usually treated in the same way as other TNBC; it differs in several pathological and clinical aspects [5] [6] [7] . Due to its rarity and resistance to conventional chemotherapy, there are no specific guidelines for the management of advanced MPBC. Literature indicates that MPBC is associated with a poor response to standard chemotherapeutic agents, thus generally considered to be chemo-resistant with poorer prognosis than typical infiltrating ductal carcinomas (IDC) of the breast including TNBC [5, 7] .
The positive PD-L1 expression in our case was in concordance with the results of comprehensive profiling of a large cohort of MPBC published previously [13] . In the previous report, Joneja et al. reported on PD-L1 expression in a significantly higher proportion of MPBCs (46%) than in other subtypes (6% each in hormone-positive and HER2-positive breast cancers, and 9% in TNBC, not otherwise specified, P<0.001) [13] . The overexpression of PD-L1 in primary MPBC, suggests that PD-1/PD-L1 inhibitors might be used in the treatment of aggressive, resistant MPBCs. The PDL-1 expression seems to be an important predictive marker for the response to immunotherapy in advanced TNBC [14, 15] .
MPBC subtype of breast cancer has pathological features characterized by transformation of neoplastic epithelium into mesenchymal-like elements in a process known biologically as epithelial-to mesenchymal-transition (EMT) [16] . Typically, in EMT, epithelial-like cells lose some of their epithelial traits and acquire instead mesenchymal features. Interestingly, we and others have previously shown that this transition upregulates PD-L1 in breast cancer and other types of cancers [17, 18] , therefore promoting the immune evasion of cancer cells. In addition, EMT is known to induce cancer stem cells (or cancer initiating cells) that are known to be chemo-resistant [19] . Very recently, we have shown that indeed PD-L1 promotes cancer stem-like cells by maintaining the PI3K/AKT pathway and their downstream stem-related embryonic antigens OCT4 and Nanog [20] . Indeed, MPBCs were found to be enriched with cells expressing makers for cancer initiating cells [21] and to respond to the PI3K/AKT/mTOR pathway inhibitors more than non MPBCs [22, 23] .
In this case report the patient had a rapid response after 2 doses of durvalumab given in combination with paclitaxel despite being initially taxane-refractory when given alone in the neoadjuvant setting as recurrence happened within 6 months of completing docetaxel. This patient kept responding to treatment until she achieved a complete response in the lung and lymph nodes, chest wall, and with dramatic response in the bone after around 10 cycles of treatment with durvalumab. Our case is consistent with recently reported efficacy of the anti PD-L1 atezolizumab in combination with chemotherapy [10] .
However, our case is the first to report on durvalumab and paclitaxel combination to treat metastatic MPBC.
Conclusions
This is the first report on a case of durvalumab and paclitaxel combination for the treatment of metastatic TNBC in general, and MPBC in specific. The limited therapeutic options available for MPBC support further clinical trials with chemo-immunotherapy for this type of highly refractory breast cancer.
